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1 The Agreement

The Basic FITS, Random Groups and Generalized Extensions Agreements are revised
to add TEEE-754 32- and 64-bit floating point numbers to the original set of FITS data
types. BITPIX=-32 and BITPIX=-64 signify 32- and 64-bit IEEE floating point numbers;
the absolute value of BITPIX is used for computing the sizes of data structures. The full
IEEE set of number forms are allowed for FITS interchange, including all special values
(e.g., the ‘not-a-number’ cases). The order of the bytes will be sign and exponent first,
followed by the mantissa bytes in order of decreasing significance. The BLANK keyword
will be ignored by FITS readers when BITPIX=-32 or -64.

2 Discussion

The dynamic range of astronomical data has increased steadily in the years since the
original FITS Agreement (March 1979) which defined 8-, 16- and 32-bit integers as the
only data formats. All integer formats are limited by an absolute error, whereas floating
point formats can span a much wider numerical range with only a relative error. Floating
point formats are desirable for the applications that need increased dynamic range. Many
astronomical data systems now use floating point in data processing, and conversion to and
from FITS integer formats sacrifice accuracy and dynamic range and consume significant
computer time. Almost all of the new computers designed since about 1981 use the IEEE
format (see references below). We are proposing that FITS be revised to allow transmission
of 32- and 64-bit floating point data within the FITS format using the IEEE standard.
This Floating Point Agreement will also apply to the Random Groups Extension and to
those Generalized Extensions for which BITPIX is not explicitly restricted (e.g., BITPIX=8
for XTENSION=’TABLE’).

In order to transmit floating point data in the main data matrix we must add some
new convention to the main FITS header. We propose to add two new allowed values for
the basic keyword BITPIX. The set of values specified in the original FITS Agreement was
8, 16 and 32; we propose to add -32 and -64 to indicate IEEE single- and double-precision
floating point data. Thus, the number of bits per pixel would be the absolute value of
BITPIX. This implies that the number of 2880-byte logical records used by the main data
matrix must be computed using the absolute value of BITPIX (this rule was specified in
the Generalized Extensions Agreement (Grosbol etal. 1988)).

The IEEE standard specifies a variety of special exponent and mantissa values in order
to support the concepts of plus and minus infinity, plus and minus zero, ‘denormalized’
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numbers and ‘not-a-number’ (NaN). We propose that all of these special cases should be
fully accepted for FITS interchange.

We propose that the order of the bytes should be sign and exponent first, followed by
the mantissa bytes in order of decreasing significance (i.e., the standard non-byte-swapped
order).

The BLANK keyword of the original FITS Agreement should be ignored by FITS readers
when BITPIX=-32 or -64 (the NaNs of the IEEE format will act as the blank). FITS
writers should not write the BLANK keyword if BITPIX=-32 or -64.

The BSCALE and BZERO values should be applied by FITS readers if they differ from
1.0 and 0.0. However, such usage will be regarded as bad practice and will be strongly
discouraged because of the risk of generating overflows and underflows in FITS readers.
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4 Implementation Notes

Note-1: Many data analysis systems today use floating point internally and so conversion
costs for FITS input and output will be reduced by this proposal. For machines with IEEE
hardware the conversion cost will be nearly zero, especially when BZER0O=0 and BSCALE=1
and the reader has two DO-loops (one with and one without scaling).

Note-2: The interpretation of the IEEE sign, exponent and mantissa bit fields is
precisely specified by the five rules of Section 3.2.1 of ANSI/IEEE Standard 754-1985.
Algorithms for transformation between IEEE and non-IEEE formats can be derived from
these rules. The FITS Committees will provide a central archive for conversion software
for various architectures.

FITS readers on non-IEEE systems should test the IEEE exponents for the special
values 0 and 255 / 2047 (for 32 / 64-bit numbers). Exponent zero should be mapped
to the local value for floating zero (exponent zero is used by IEEE for ‘denormalized’
numbers as well as for both plus and minus zero); exponent 255 / 2047 should be mapped
to the local value used for blank pixels (all IEEE infinity and NaN cases have exponent
255 / 2047). The IEEE exponent field can be selected from the 32 / 64-bit values by
masking with hexadecimal byte string 7F,80,00,00 / 7F,F0,00,00,00,00,00,00 (i.e.,
the constant 7F800000 / 7FF0000000000000 hexadecimal on computers with the normal






